FintI Report 
•0-1S 

HumftRO 
FRMTRD(CA)-80-13 




Civil Helicopter Wire Strike 
Assessment Study 


Volume I 


by 

Mr. Clyde H. Tuomele '.Project Director) end 
Mr. Merk F. Brennen 

NhAo A-CU-1‘^2itJ9) ^IVIL lir.LlCut'i’EK WiRii 
STRIKE A S.Si.:.S.'1it.'<T dTU;)Y. VOLM>!;J 1: 

FlWDIilGS KECvJMlEMJATl'iNiJ HiiaI 

iHuean lijsouiccs u.fso iu:h )L-.!.i.iizdtiou) -i/OJ 

L p riC A04/1F AJ1 

HUMAN RESOURCES RESEARCH ORGANIZATION 

300 North Washington Strsat • Alosandtia, Virginia 22314 


SlJ-iiJdl 


U.aOidli 

2ti92J 


Dittributlon of this rtport It providtd In tht intarttt of information 
axchangt. Ratponiibllltv for tht conttnti rtiidtt in tht author or 
organization that prtpartd it. 


October 1980 


Prtpartd for: 




Netionel Aeroneutloi end Speoe Adminittratic 
Amei Reseerch Center 
Moffett FMd. Cellfornie 9403B 

undtr 

Connect No. NA82*10606 


OCTIlrBO 

JRECEIVEO 
WUSTIFACIUTY 
Mutt DEFT. 


NASA CR 162389 


KumRRO Final Report 
FR-MTRD(CA) 80- U 


CIVIL HELICOPTER WIRE STRIKE ASSESSMENT STUDY 
by Clyde H. Tuomela and Mark F. Brennan 
October I960 

Volume I. Findings .nd Recommendations 


Distribution of this report is provided in the Interest of Informatl 
exchange. Responsibility for the contents resides 
In the author or organization that prepared It. 


Prepared under Contract No,. NAS2-I0505 by 
Human Resources Research Organization 
300 North Washington Street 
Alexandria, Virginia 22314 


for 

AMES RESEARCH CENTER 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


I'UI I ACl 


T,,,„ t --..Ik 11 .luH,,,; n». l'.'.l".l 

n*'k I'liibi I I III Oi l .'lu'i 

1 

... .'08 . ivll wl..- ...HI..- l.l...... I" 

II. “ ' 

.,„aly»l» ... .••..I. i.l.-.». V..1....... II .li....il....l...> '» 

lu* iviiufsuM in'tii tlif NASA tiv-lmUMl iiuMiHor. 

r„.. „...k 11.....1 was ............»..a .....l-r ........a... NA811- lOMlk. NASA - A.no. 

R..s..a..l. Tl..- " ■ 

A....-S R. s.a. . l. <l....l..r. M .H Sl.'l' - 

•rl,,s I....1.-.-. a. .1... 1I..."KR0 ..111.-... l'..rm..l. Callf..r..la 

™,..,vlsl.... ... H.-. Vlllia... .1. Osl........ I'lr.-.-..... HHUa.->- Tralnln« 

„..s..,.v,-l. l'.l..-l.’-.' "''-a-'.'. “• 

(K..L). MaJ... ........ 11...1...... w.-..- .1..I. N...I. I-. 

I'liliiio N. TiiyK’f. 


EXECUTIVE SUMMARY 


NTSB AivX FM roiu»rtH of 208 flvtl holU-oplor wlro utrtko at-.i- Idout s for 
a ton-year period 1.970- 19/9 are analy/.od. U wart tomul that 81'. ol iho 
wire strtkort oorurrod aurlnn bright clear weather. 


Analyrtlrt of the acctdentrt Is organized under pilot, envli »*nnu>nt , and 
machine factorw. Methodn to reduce the wire strike accident r.ite are dls- 
ourtsod, Including detect lon/warntng devices, Ident I f Icat l*m ol wire locations 
prior to flight, wire cutting devices, and Implementation of training pro- 
grams. 


I The benefits to be gained by implementing accident avoidance methods 

are estimated to be fully Justified by reduction In Injury and death and 
reduction of aircraft damage and loss. 


Major findings are these t 

1. Out of :U1 persons Involved, 17 (11%) died, (U>%) were seriously 
hurt, and 8!> (26%) received minor Injuries. 

2. Eighty-eight aircraft (42%) were destiv>yed and ll’O (18;'.) still cred 
substantial damage. 

1, Dollar cost of aircraft loss and damage was $11,108,000. 


4. The primary cause for 130 of the 208 accidents was. In the 

determination of the NTSB, the pilot’s failure to see and avoid 
objects and obstructions. 


6 . 


The average age of pll*»ts experiencing wire strikes was »>ver 14 

I’llot experience In hellcopU'r and fixed wing aircraft comhlned 
averap.i'd over 4,2tH) hours. 


years . 


/. 1*1 lot helicopter expel ieiico avei ap.ed I'vei 2,200 hours. 

8. Seventy nine pilots OS.) wci e awai i' of w i i e loc.it Ion pilot to 
tiiip.ii t ; 100 (48'.) weie not. 
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introduction 


HelUoptfr wire etrlRo aerlileiitH are a luoMem In both tlie civilian 
anJ tnllllary acclora. tn a at.iOy of 1D7 civil I, die.., .ter aerial applica- 
tion acclJent. for the years 1975-1977. for exanple. 192 were found 10 be 
caused by collision with wires and poles, the nest cemsien causal factor* 

(ref. 1). In the Arny during the period 1971 to 1977, 7A2 of 1,100 obstacle 
strike mishaps were tree and wire atrtkea (ref. 2). Furthermore, utilisa- 
tion of civil helicopters is growing. This 1. Illustrated by the growth 
of aerial application In the U.S. from 1966 through 1977 (see Figure 1). 
and by the projected growth In agricultural helicopter fleet site from appro* 
Imately 1,100 In 1979 to 3,600 by the year 2000 (ref. 3). Comparable growth 
may be expected in other mission categories e 


In recognition of the growth in utilisation of civil helicopters and 
of current military tactics calling for nap-of-the-earth and contour flying, 
a number of Investigators have undertaken studies in attempt, to reduce wire 
strike accidents. Their efforts have concentrated on two aspects of hard- 
ware design: (1) development of wire detection and location display devices 

and (2) development of designs to increase the tolerance of helicopters to 
wlre/pole/tree strikes (ref. A. 5, 6. 7. 8. 9. 10). These developments are 
discussed and assessed In this report. Hhlle some work has been carried 
out to identify causal factors In wire strike accidents tor specific mis- 
sions (ret. 1. 3). an exhaustive study of available data to provide a better 
understanding of such mlsluips has not been undertaken previously. 

In the present study, the 208 National Tr.ansportation Safety Board (BTSB) 
civil helicopter wire strike accident reports for the ten-year period 1970-1979 


were rev lowed a 


*Kngl lie' failure was a close second, accounting for 


18% of the accldentsS, 


Aeria? Application Hours - All types (in lO.OOOs) 
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llliHi'.ntlon of Civil llolicoplors 
Aerial Application 19(>6-1977 (H 
data in Waters, 1979, p. 2) 
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Aerial Application Hoars - Helicopters (in 1,000s) 


riiP obJtH'tlvuH of ttio urojot’t wore 

1. To Itlontlfy foolors, any, that aro cinmuuii to ihe majoriiy 
of wire tilrlke accidiMUs. 

2. To .'iHsess tlie potential of ey<*»ilng teelmology and proeedures, 
both military and civilian, for reducing civil wire strikes, 

3, To recommend solutions that could suhsl antially reduce the 
number of wire strike accidents, 

4, To conduct a benefits assessment for each of titc recommen- 
dations, 

5, To study and list appropriate references on research and 
development in wire strike avoidance. References 1 through 
18 are listed on pages 47-48 of this report. 

6. To prepare a detailed analysis of each accident to include 
any recommendations for wire strike avoidance. Volume 11 
of the report contains one-page *'riefs for 208 accidents. 

This report contains Appendices A through D, They are! 

Appendix A ~ 208 Civil Aviation Helicopter Wire Strike 

Accidents by Type and Mission 
1970-1979 

Appendix B ~ Primary and Secondary Causes of 
Accidents 

Appendix C — Synopsis of Helicopter Research and 
Development 

Appendix D — Sample of Accident Analysis Briefs as 
contained in Volume II 
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FINDINGS 


accident results 

Till! m'siiUk 0f Ill'll I'opltT wln> Htvlkt* nt-rldoius niuHtiiatJ the hitIous- 
m'H« of till' will* ulrikt' problom. flip iiu-ldoncu of mlrthapH during il'p ion 
yo.ir.s suuliod 1 h .shown, by mls.slon, In Tablo 1. Although Forostry wn.s among 
till' missions to bo studiod at tho boginning of thu project, no accident 
roporus wore rocolvod for that oatogory. r.v dTSB definition (ref. 11), a 
reportable nooldont Involves sub.stantlal aircraft damage, serious injury, 
or death* The data In this study, therefore, represent only part of the wire 
strike problem. While a quantitative assessment of the magnitude of civil 
helicopter wire strikes is not possible, a qualitative estimate is that the 
sample data reported here represent less than 10% of all wire strikes. As 
an example, In a briefing before the Airborne Law Enforcement Association, 

19 May 1980, 110 helicopter pilots were asked about striking wires in flight. 
Twenty-two stated that they had struck wires, but no strike had resulted in 
an NTSB report . 

TABL E 1 

HELICOPTER WIRE STRIKE ACCIDENTS REPORTED TO NTSB 

1970-1979 


Agriculture 100 

Air Transportation 87 

Public Service 16 

Construction 4 

Cargo Handling (Off- 
Shore Oil Support) 1 


Total Accidents 208 

Because tlie incidence of Construction and Cargo Handling mishaps was 
so rare, these two missions will he combined into a Miscellaneous (MISC) 
category in following tables. MISC will be treated as the other categories, 
but findings for this category are extremely tentative, because of the small 
sl?.e of the sample. 
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Severity of injury to porrtonnol i« uhown in Toble 2, TUe percentage of 
purnono injured is buned on the total number of persons on board the helicopter, 
including paesengera and crow members other than the pilot (see Table j). When 
the Fatal and Serious categories are combined, the percentage of injuries is 
seen to be markedly higher in PS (60%) and MISC (83%) ti; <n in AG (15%) or AT (27%). 

TABLE a 

SEVERITY OF INJURY 



Fatal 

Serious 

M 1 nor 

None 1 

NumK*r 
of Fersoi.s 
I ' . ed 

AG 






Agriculture 

4 a 

12 

Vo 

61 

105 

(n=100 Accidents) 


11% 

! 27% 

1 

58% 


AT 





t 

! 

Air Transportation 

22 

23 

50 

40 

IJO 

(n*87 Accidents) 

12% 

15% 

26% 

47% 


PS 






Public Service 

11 

7 

6 

6 

30 

(n=16 Accidents) 

37% 

23% 

20% 

20% 

1 


MISC 






Miscellaneous 


5 


1 

6 

{n=5 Accidents) 


83% 


1 7% 


Total 

37 

52 

85 

157 

331 

(n=208 Accidents) 

11% 

16% 

26% 

47% 



^Percents are based on number of persons involved. 
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T ABLE 3 


NUMBER OF CREW MEMBERS AND PASSENGERS 



Crew Members 
Other than Pilot 

Passengers 

AG 

(n=100) 

0 

5 

AT 

(n»87) 

4 

99 

PS 

(n-16) 

11 

3 

MISC 

(n=5) 

0 

1 

Total 

(n=208) 

15 

108 


The relation of fatalities and injuries to factors such as speed and 
mission will be discussed later in the report. However, it is significant 
to note that, although agricultural aviation requires the greatest exposure 
tD Wires, It has significantly fewer fatalities with wire strikes relative 
tc other nlssiona. While beyond the scope of this study, evaluation of the 
greater survivability of aviators in agricultural missions merits Investlga 

tion. 

The extent of aircraft damage is presented in Table 4. In our review 
of aircraft destroyed by fire, we noted that the aircraft generally caught 
fire after landing, and that wire strike damage Itself might not have been 
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(n 100 Ai l iiU'iit s) 


Al 

(n 0/ AiviiU'iits) 
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Ml SC 

(n !' Ai'i ltli'iits) 


(n .’00 Aii Uloiits) 


Suits (lint ill I 
O.itiiiUio 


IVsti'oyoil 

St nut HIM I fii'st royi'^ 

liiiiiuuii' l\V 1 Iro 

4 :’ 


SO 
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:'S 
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isl 


SO 

sn 




.’1 

i'4'’i. 
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\n 


1 


i‘ 0 '’i. 


0 

SOI. 
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OO'l. 


00 

4 i”l. 


10 

IS'l. 


S 

Oil. 
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‘tO'l 
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0 


o; 

lO'l 
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i’osi (» ol iiCri'i’iiH loMK»*n lin the i*08 iiro Ulrat t» aro (ii Tabh' >. 

TIu’m' ilaia w«'io tak»‘ii 1 rom tlu' ai-iMiU'iit r»>porl« II loronlt'il Wln>n fuats 

wt‘ 1 ‘ 1 * m*t rt'i'ortb'd la flu* aci'ltU’Ul I't'povl , Tht' lit'/ JUio' hiU'h I I'r 
wan uMisI an a simrt'v^ (i'**l • li’)« K*'r a nubnl am lal ly ilaina}’,«*t1 alr«'i'al(« twi>- 
llilitln of tlu* H/ui‘ flyaMo wan obonon an flu* lonn flj*,uro. If tho airoi.ill 

wan »U*nt I oyi'il, tlu* roplaoniionf oont for tlu* yoav »»f tlu* aooltlom wan unoJ, 
Thun, tiu' ooni data aro a oomblual loit of N rsil-rofoitlod oonln aiul R't'k 

oontHi Appm’t'ut ly, tlu* N'I'SK oontn for dont royt'd alroralt an* banod on tlu* 
or!}*, Inal piirohano prioo, Roplaooiiu'ut oontn durinp tlu* yoar of tlu* ai'i'fdont 
will unually bo lilp,lu*r, Noltbor f iguro In tlu* aotiial lonn to tlu* oporator 
of tlu* domollnliod atroraft. Whtlo nuioh of thin lonn will bo oovi'rod by tn- 
nuranoo (usually ‘10%) tlu* ronialndor In a dlroot lonn to tlu* oporator. 

It imint bo romouiborod that thono aro costs only of aircraft. Data on 
otbor costs, such an damapo to property or porsonn on tho ground, replacement 
of irainud pilots, personal Injury and death nettlemont costs. Increased air- 
craft hull Insurance, and law suit settlements, are not reported In the NTSB 
findings. 

Over the ten-year period, there Is a rising trend In cost ol wive strike 
accidents, an would bo expected In eonslderat U'n of tho rising, cost s ol «’ijulp- 
ment in general for thin period. Costs for the year 1‘I78 are strongly Int lu- 
ojiced by two MISC accidents that Involved two high-powered, relat lv**ly expen- 
sive aircraft (Hughes MU)C and Sikorsky S-SST). These same two accidents 
exert a strong influence on the average cost of the five MISC accidents over 
the len-vear period. The make and model ol all aircraft Involved in the acci- 
dents at* listed In Appendix A, The lower average cost ol AC accidents and 
the fact that for eight of tlu* t»*n years All aecldent costs were Kwer than 
•* *se t'f other groups Is probably due to AC helicopters' lu'Ing generally 
sm.;ller, less expensive aircraft. 

fo recapitulate: for the L’OS civil wire strlki* accidents In the ten- 

year *'•’*• I lui 1*1/0- in /*) 

I. Thirty-seven lives were lost. 

II, Klflv-two people stitfer»*d serious Injiirv, 





V‘ 

410,300 

1 , 118,900 


1 , 033,000 

19/9 

.V- 

V* 

74,000 

1 , 115,500 

46,000 

228,000 



1 ot . l 1 

M 

43,000 

55,000 

52,000 

246,000 

y 

4 , 252,502 

4 , 788,900 

837,100 

1 , 229,500 


otal 

208 


19,000 

246,300 


36,000 

616,000 


39,000 

709,700 


34,000 

777,100 


45,000 

681,000 


56,000 

1 , 234,600 


46,000 

1 , 436,870 


60,000 

1 , 500,732 


107,000 

2 , 562,200 

67.000 
1 , 343,500 

53.000 
11 , 108,002 


0 

















.liii'i.ilt wt'ii’ kicsi 1 1'vi'ili 

<'i. I'ui' hiiiuh i‘il Iwi'iily vi»*i i’ il.iiiuj'i'il siilvM .ml (.»lly . 

s, Ov<T I'livi'u mi I Ill'll ili'll.us In .iliii.ilt li's.’ifs wn i' I mni t I’ll* 

CAUSAl, lAl'.lOKS 

Tin* I'riiiiiii y .iiul fii'i'i'iuiiiry I'.iusi'M I'l I hi' wlft* slriki's, <is ili't »‘i mi lU’il l'\ 
tlu' NTSH, .ivi' slu'wn In Apiu-iulix H. Tln«si' iMiison havo iu'mi j^nuip»>d Into tho 
fivo i-al oj'.orlt's llstod In TaMo d. Tlio uu'sl oomiuon I'anao of liol loop! or win 

lARl-t 6 

PUIMARY (P) AND SICONDARY (S) CAUSIS OF ACCIIH.NIS^ 



AG 

AT 

PS 

MI SC 

Total 








P S 

P S 

P S 

P S 

P s 

Failure to see and avoid 

63 9 

59 a 

7 3 

1 

130 20 

ohjocts and obstructions 






Inadequate Procedures 

13 5 

16 24 

5 4 

2 2 

36 35 

Lrrors in dudqment 

11 3 

6 3 

1 1 

1 2 

la 9 

Aircraft Failures 

1 

4 1 

3 1 

3 2 


10 4 

Miscellaneous 

1 2 

1 1 


1 1 

3 4 


^IncompU'to liota. lloven 1979 cases not yot roceivod from 
NlSU as of ;*t» Aupust 19l<0. 



Htrikurt la iatluro to act* and avoid objoot.s and obatruotlona. Ily mlanlon 
fatORory, "fal Itiro to aoo and avoid" la tbo primary oauao In tho following 
prt>portlonrt of aooidonta: AG 68%, A'l' 70%, PS 44%, MlSC ~7%, iworall avorago 

b(>%. This report will place special emphasis on why the pilot falls to see 
and avoid objects and obstructions, and recommendations will eoneentrate <• 
actions to correct that deficiency. 

Causal factors are discussed In terms of the pilot, the environment, ..ad 
the machine. Pilot factors examined include 


• Age 

• Kxperlence 

• Instrument qualification 

• Health 

• Prior knowledge of wire location 

• Physiological factors (agriculture only) 

Knvl ronment a 1 factors examined Include 

• Weather: light conditions, cloud cover, visibility, and 

ob struct Ions t o vis Ion 

• Location and terrain 

• Phase of flight 

• Wire location, height, span, composition and visibility 

• Wind and temperature 

Machine factors Investigated Include 

• Portions of the hellcopler Impacting wire 

• Comparison of controlled I’s uncontrolled landing 
following wire Impact 


Pilot 

Age. PMiU *s .igc by mhiston types Is shewn In Table /. 1‘be d Li t r i but ion 
of ag.es is ass.umeil to be represent at ive i'f that of t lu‘ overall belici»ptet pilot 
pi'pnl.il fen, .ivt'i'.ig.i’ ag.e *'1 wire ^ill ike [ilK'ts w.is 14./ viMi s, .in ag.«' .it 


I I 
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KxKrli'lu•>^. I’Uol oxiHMlo.u-i. In all typos of alroial’l is shown In 
Tablo a. A scmowhal surprising. rimUnp, is ilu. larp.o nuiuhor of wlro strlko 
pilots with over 2,000 hours of total lllrth. timo. Ovorall. tho avo-aj-o 
wiro strlko pilot had 4,207 hours of total fl Utht tlmo, oorialnly not a now- 

comor to aviation. 


IA.BI-E 8 

PILOT EXPERIt.NCt 

HELICOPTER AND RXED WING COMBINED 



' 0-300 
hours 

301 to 
1 ,000 hrs 

1.000 to 

2.000 hrs 

Over 

2,000 

Not 

Reported 

Average 

AG 

(n=100) 

2 

Otv 
C A) 

15 

IB'i; 

10 

lO'li 

72 

72-;. 

1 

4,250 

AT 

(n=87) 

6 

1% 

10 

iv::; 

14 

IG'i; 

57 

661 . 

... . , 

4,280 

PS 

(nIG) 


2 

12-;. 

4 

25",. 

10 

62 '.. 

1 

3,373 

Ml SC 
(n S) 




5 

1001. 


4,748 

Total 
(n COO) 

8 

4'',. 

2! 

13,. 

28 
1 3;. 

144 

6‘T, 

1 

.b''. 

4,20/ 


I t 


Kx|n'rtoiice. lU*Ui'oplt>r t>xpt‘rl»*nct? I« shown In Tablo 9. 

As with total fliaht t'xporlonoe, the number of wire strike pilots with over 
2,000 helloopter hours Is a lar«e proportion of the total. Overall, the 
avorap.e wire strike pilot has 2,219 hours <»f helleopter lime, elearly not 
a novlee rotary wing aviator. 


TABLE 9 


PILOT EXPERIENCE 
HELICOPTER 


hi 


0-300 
hours 


301 to 1,000 to Over 

1.000 hrs 2.000 hrs 2,000 


Not 

Reported Average 

























Instrument Qua ltfi cfttlon. Table 10 illuatratea the relation of Instru- 
ment rating to accident outcomci It Is concluded that the instrument rating 
of the pilots had no bearing on the se»*ousness of the accident, with respect 
either to damage or Injury, since the differences In percentages of Not Rated 
and Rated pilots are relatively small. 

TABLE 10 

RELATIONSHIP OF INSTRUMENT RATING OF PILOT 
TO DAMAGE OF AIRCRAFT AND INJURIES 

205 Accidents® 


Aircraft 

Damage 

Injuries^ 

Instrument Ratinq 
Not Rated Rated 

Substantial 

Fatal 

Serious 

None to 
Minor 

1 0 

1% 0% 

8 5 

10% 12% 

70 38 

89% 88% 

Subtotal 

79 43 

62% 55% 

Destroyed 

Fatal 

Serious 

None to 
Minor 

13 9 

27% 26% 

14 n 

29% 31% 

21 15 

44% 43% 

Subtotal 

48 35 

38% 45% 

Total N 

127 78 


®Pilot rating was reported in only 205 of the 208 accidents. 

a passenger was aboard, the data reported are for the most 
serious injury. 



Pll»^ Health. All pilots are required to meet specific FAA physical 
standards to bo mithorl?.ed a medical certificate for flight. Pilot FAA medi- 
cal classification Is shown In Table 11. FAA Medical Categories, 1, II and 
111 are both time requirements between physical examinations and minimum 
requirements for qualification. The most stringent is Category 1, the air 
transport pilot, requiring examination every 6 months, and the least strin- 
gent is Category 111, the private pilot, requiring examination only every 24 
months (ref. 13). 

From the standpoint of this study, pilot vision is the most significant 
h-man factor consideration for the pilot's ability to see and avoid obstruc- 
tions. FAA medical certification for pilot vision is basically the same for 
Category I and II pilots, with : lesser requirement for Category III. Flight 
with a Category HI medical certificate (2% of the pilot records studied), 

TABLE 11 

PILOT HEALTH 


AG 

(n=100) 


Medical Category Not Waiver 
I II III Rep. for glasses 


8 92 
8% 92% 


Other 

Limitations 



AT 

(n=87) 


18 63 

21% 72% 


PS 

(n»16) 


MISC 

(n=5) 


Total 

fn=20ft) 


2 13 

12% 81% 



28 173 4 3 

13% 83% 2 % 1% 


however, does not necessarily imply a lesser vision capability. If carrying 
passengers for hire Is not a mission requirement, a pilot with perfect vision 
might choose to retain only a Category III medical certificate for the con- 
venience of the two-year Interval between physical examinations. 

The only valid Indication of less than perfect vision that could be 
obtained from the accident reports Is the requirement for the pilot to wear 
corrective lenses for flight. Of the 208 civil helicopter pilots involved 
In wire strikes, 41 (20%) required corrective lenses. This Is considerably 
below the national average: according to the FAA Civil Aeromedlcal Insti- 

tute (ref. 14), of 827,592 active pilots, 350,701 (42%) require vision cor- 
recticn. 

Prior Knowledge of Wire Location . Pilot knowledge of wire location prior 
to the mishap Is shown in Table 12. Of significance Is the large number of 

TABLE 12 

PILOT'S PRIOR KNOWLEDGE OF WIRE 



Location of 

Location of 

Not 


Wire Known 

Wire Not Known 

Determined 

AG 

50 

42 

8 

(n=100) 

50% 

42% 

8% 

AT 

23 

50 

14 

(n=87) 

26% 

57% 

16% 

PS 

3 

6 

7 

{n=16) 

19% 

38% 

44% 

MISC 

3 

2 


(n-5) 

60% 

40% 


Total 

79 

100 

29 

(n=208) 

38% 

48% 

14% 
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agricultural pllpts who knew where the wire hnKnrd was located and flew into 
it nevertheless. Overall, wire strike pilots knew of the mishap wire loca- 
tion in 38% of the accidents. 

A determination that the pilot tmd prior knowledge of wire location was 
made only if the NTSB accident report specifically stated so or it was clearly 
evident from the description of the accident. If anything, data in Table 12 
are considered conservative. 

The table highlights two areas of potential gain in wire avoidance: the 

ability of the pilot to see the wire and the ability to Judge its distance 
and altitude. Note that 48% of pilots did not know the location of the wire 
prior to the wire strike - an Indication that pilots need training in proper 
methods of wire reconnaissance if they have to fly low in wire areas. Mis- 
judging distance to wires, or losing their location during flight - as suggested 
by the number of strikes that occurred when wire location was known - points up 
the need for training in wire avoidance procedures. 

Physiological factors in agricultural missions . Agricultural aviation 
involves exposure to two hazards not normally experienced by other civil heli- 
copter pilots: considerable low-level precision flight in the wire environ- 

ment and exposure to chemicals. These aspects of AG flight raise the possi- 
bility of pilot fatigue and chemical effects as factors in AG wire strikes. 

Figure 2 shows the hours flown on the calendar day of the accident, prior 
to the wire strike. While there is an increase in accidents in the fourth 
hour of flight over the third, these data are not by themselves sufficient to 
attribute the increase to fatigue. 

Agricultural pilot exposure to chemicals as a result of wire strike acci- 
dents is shown in Table 13. There were three fatal accidents in Agriculture » 
with four fatalities. In all three accidents, the aircraft was carrying non- 
toxic chemicals. Autopsy and toxicity reports were negative. 
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Agriculture only 
(N = 100) 



I„ ca.a». pilot, ropor.ad bolnp .flootod by toxic choclocl.. Two 

„„o .ffactod oo tbc ground, ono In mgbt. OC tbo two .(footed on too groun . 

one bad flown four boor, th.t c.lond.r day and reported being affected f 

1 «• the other had flown for two hour, and waa affected (or 

five hour, or . ^ 

" ; be g a lied for 30 .Inute. or leea. The ...U nuwber of 

day and reported being . - j barminina the influence 

cases reportsd Is Insufficient to provide a basis (or ds.eraln 

on accident rates of pilot exposure to cbemlcals. 

TABLE 13 

PILOT EXPOSURE TO CHEMICALS 
AGRICULTURE (AG) 


Chemicals not used 
Chemicals used: 

Non- toxic chemicals 
Toxic chemicals 
Not reported 

Subtotal 
Grand Total 

Pilot exposure time to toxic chemicals: 
15 minutes or less 

15 to 30 minutes 

30 minutes to one hour 

2 to 4 hours 

5 hours 

Not reported 

Total 

pilot-reported effects of chemical 
exposure: Not affected 

Affected in flight 
Affected on ground 
No report 

Total 


52 

38 

3 

93 W 



TaMf 1/» }ihow» pllol l.ilalltU'H aiul wImMIh’I «uii*i'ny ami loxli' h‘Vt‘1 
ti'Mta wt‘ 1 ' 1 ' pi'i’t 1 'rnu‘d OH 1 lu* |>llot. NtMabli* In t liat , tui( of 1*1 fatal ari't- 
ch'ntH, only i**n pilots Isul both anto|uiy ami loxli* lovol tofUn porfonnod. 
riio lai'k of autopsy ami ti*xlo lovol losts t«ay woll havo a »lot i Inioiit al of fool 
on clot ot ii«l It Inp, aooUUait oaiiso. Suoh faotoi's as tho pilot's Mooil aloohol 
oontout, polsivnlnjt oaust'il by t'xhansl oarb<>u luouoxltlo, hoart attaoki ami 
St i'okt>s oouhl no mulotootoil. Alt luuigh NTi'l' ronulat tons roqulro both an 
autopsy auil a ti'xio lovol tost to bo pot'foi'nioil on pilots Involvod In fatal 
aooUlonts, tbo laok o! agroomont botwoon various statos and tho fodoral 
govi'i'nuiont prt'oliidos a uniform polloy f»'r snoh aotion> In somo statos, tho 
local ooronor's assossiuont of tho accldont situation dotorinlnos whothor 
autopsy and tt'xlc lovol tosts will bo porformod. Suol> practical quostlons 
as who will pay tor tho autopsy also alfoct whothor It will bo portormod. 

If accldont victim autopsy and toxicity tost results could bo politically 
or socially ombarvasslng, tosts might not bo porformod. A uniform national 
policy on port lUmanco of autopsy on fatal aircraft crash victims merits 
serious cons Idorat Ion, Tho porlormanco of autopsy and toxic lovol tests In 
throe out of throe fatal agricultural accidents roprosont s an admlnist rat Ivo 
prv'coduro tliat might bo a»loptod for all bollcoptor mlssli'iis, 

TABLM4 

AUTOPSY AND TOXIC LEVLL TESTS 

perfopnMed on pilots in fatal accidents 




Autopsy 

1 

Toxic Lovol 

Tost 


Pilot 

Fatal itios 

Yes 

No 

mmwm 

Yes 

No 

Not 

Reported 

AG 

3 

3 

0 

0 

3 

0 

0 

AT 

13 

6 

0 

3 

5 

5 

3 

PS 

b 

1 

2 

2 

1 

3 

1 

1 

MI SC 

0 


0 

0 

0 

0 

0 

Total 

21 

10 

/ 

4 

11 

6 

4 


.’l 






Enviruniiient 


Wi'iitluM;. KxamI Hilt Ion of llio data uiuU'rlyJn}* Tablo l.S rovoals tliat 197 
of UOH wlro Hit* Ikon (9'>;ii) ooourrod wIumi woatlicM' I'oadit (ouh woro botlor than 
tho vlaual t (VKR) orltorla of i'oU{n>t proatof than 1,000 fi’»*t and 

oorroapiuul injt vlaihllity mlloa or iiioro. Klphty-throo poroi'nl of tho wlro 
HtrikoH ooourrod with oloar akioa and 88;',. with uiilfmilod vlsthlllty, 

Faolora that might havo Itnpalrod pilot vialoii woro Inf roqiiont ly roporlod. 
Tho major rostriotlon to pilot vision, hai’.o or smoko, was prosont only in 9% 
of tJu' 208 wlro strlkos. Anothor dotorront to vision, sunglaro, was only 
prosont in 7% and rain, snow, or fog woro montlonod as iaotors in only 

l.ooation and Torraln, Tablo lb rolatos tho liuvldonoo of wlro strlko to 
location and torrain* Ovorall, a high poroontago of uooidonls occur In rural 
areas. Tills Is not surprising In tho ease of agriculture pilots, since rural 
areas are the location of their work and airstrips. In other categories, it 
may ho that pilots are more expectant of wires in the urban areas and exercise 
more caution in maneuvering there. 

Also, the percentage of accidents taking place over level terrain is high 
In the case of At! pilots who must fly close to the ground for proper applica- 
tion of chemical sprays and other products, the rate for level terrain (70%) 
•an be understood. However, the percentage rates In the other categories may 
Indicate the need for training pilots in the wire strike hazards of flying 
low over level terrain. 






LOCATION AND TERRAIN 







Pliastt of Tablf 17 mIuiwh, by mlartlon, tho pliaae of fllRbt, 

and aU lrudo at tho i tmo of tlu* hoHcopier's impact with 
the wiroa. The phases of fUght In which the Agriculture helicopters exper- 
ienced the moat wire strikes were the swath run, pull up from swath run. 
and in-f light turnaround. Air Transportation helicopters incurred the most 
accidents during the cruise, take-off. and low pass phases. Public Service 
helicopter wire strikes occurred most often during cruise, landing, and 
auiorotatlon phases. 

When the helicopter takes advantage of its vertical take-off and land- 
ing capabilities, it is inevitably exposed to the hazards of low-level flight. 
However, justifying helicopter ot-wisr flight at wire-hazardous altitude (40 
feet or less) is difficult. The percentage of wire strike accidents that 
occurred during the cruise phase of flight in the AT and PS categories at 
altitudes of 40 feet or less suggests a lack of pilot appreciation of wire 
hazards. Helicopter pilot wire strikes In cruise flight are a procedural 
error that could be avoided with wire hazard avoidance training. 

Agriculture pilot wire strikes during the swath run are a more complex 
issue. The verv nature of the agrlcultnral aviation mission requires flying 
within a few feet of the ground. Under this condition, identifying field wire 
hazards and planning a flight path that will avoid wires is a demanding task. 

A more detailed analysis of Agriculture wire strikes by phase of flight is 
contained in Table 18. 

Tal,U' 18 shov.8 kno»U-dse »f wlru U.calioii by of fllsbt for Asrl- 

culu.ro mtuslouu. Ml.on locatfoii of wires was kmwn. the highest Incldeace of 
strikes occurred during swath rues (22::). 1«.H np from swath rans (li::), and 
In-fUght luruaruimd (lit). This may be attributed to mlsjudgmunt of dls- 
tauces tu wires, lass of wire location in relation to pilot's plncemonl over 
field, or attention to other mission retp.l r..m..,u s temporarily dlstraeltnp, the 
pilot from wire avoidance. 


PHASE OF 


F 

i 

i 

\ 

t 

i 


I 


I 


I 

I 

I 

I 

I 


Phase of Flight 

Take-off 

Climb 

Cruise 

Low Pass 

Approach to Landing 
Hover 

Approach to Swath Run 
Swath Run 

Pull up from Swath Run 

In-flight turnaround 

Landing 

Autorotation 

Estimated Speed (Knots) 

30 and under 

Over 30 

Altitude (Feet) 

40 and under 

Over 40 

Not Reported 


TABLE 17 
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The 30% of accidents that occurred during swath runs in which the pilot 
did not know the location of the wire can be attributed to improper or incom- 
plete reconnaissance and hidden wires. The importance of thorough reconnais- 
sance prior to swath runs must be emphasly.ed in training. Location of all 
wires and selection of proper pull-up locations to avoid wires is essential 
if wire strikes in these areas arc to be reduced. 


TABLE 18 


KNOWLEDGE OF WIRE LOCATION RY 
PHASE OF FLIGHT 

Agriculture (n=100) 


Location of 


Location of 


. 

Take-off 

2 

2 


Climb 

2 


Approach to 
Landing 

1 

1 

Hover 

1 



Approach to 
Swath Run 

2 

3 

2 

Swath Run 

22 

30 

5 

Pull up from 
Swath Run 

11 

2 


In flight 
Turnaround 

11 

2 


Autorotation 

1 



Total 

50 

42 

8 


Not Determined 
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wire Characteristics . Table 19 displays a variety of characteristics 
of the wires Involved in the accidents. Power wires were Involved in wire 
strikes more than twice as often as all other types of wire combined. 

Strikes occurred only half as often above 40 feet as at 40 feet or below. 

The highest percentage of wire strikes occurred in the areas where wire 
density la light. Possibly pilots are more cautious about flying among wires 
in medium and heavy density areas or feel they have more maneuverability in 
the light density areas. 

The number of strikes that occurred when poles were not visible, although 
less than 10%, is worthy of attention. It appears that pilots may see the 
wire, but, having no reference point on the ground such as a pole by which to 
Judge the distance to the wire, hit it regardless. 

The Inability to Judge distance to a wire is also highlighted in the num- 
ber of long span wire strikes (over 150'). In a typical case, a pilot flew 
into long span power wires even though the supporting towers for the span were 
clearly visible on either side. If it is assumed that the human eye cannot 
accurately Judge the location and distance to a long span wire, then the only 
safe course for a pilot would be to fly higher than the supporting towers 
themselves. 

Wind and Temperature . Table 20 shows the incidence of accidents under 
various wind and temperature conditions. The higher percentage of mishaps in 
relatively calm air in Agriculture is undoubtedly due to the fact that AG 
pilots favor calm or very low wind conditions to avoid product drift. Seventy- 
eight percent of AG accidents took place with wind velocities under seven knots. 

The table does not reveal any unusual relationships between temperature 
and Incidence of wire strikes. Fifty-nine percent of the accidents took place 
in a temperature ranging from 33“ F to 80“ F, a range that may be considered 
within normal flight temperatures. 
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WIRE CHARACTERISTICS 



le strikes involve more than one type of wire 


































































(n=87) 




Machine 


This section of Che report presents data regarding which portion of the 
helicopter impacted with wires and the direction of movement at the time of 
impact (Table 21) as well as the relation between Impact location and whether 
landing was controlled or uncontrolled (Table 22). Wire strike aircraft manu- 
facturer and model are contained in the individual accident summaries that 
supplement this report as well as in Appendix A. 

Analysis of Table 21 does not reveal a high percentage of wire strikes 
on any one part of the helicopter; the chances of hitting one part are about 
equal to those of hitting another. Since most of the accidents occurred dur- 
ing forward motion, it may be that pilots are having difficulty detecting 
and Judging distance to wires at all reference points in ^eir span of vision: 
above, directly in front, and below. 

In considering the type of landing following wire Impact and the extent 
of damage (Table 22) , it should be kept in mind that determining controlled 
or uncontrolled descent from a wire strike is difficult In many cases and 
that judgment was exercised in making the designation. Autorotations, which 
seemed to give the pilot some latitude in selection of a landing site, were 
considered controlled descents. In cases in which the aircraft landed right 
side up, the pilot was also given credit for a controlled descent. Even so, 
67% of the landings following wire strikes were considered uncontrolled des- 
cents. 

The most critical area for initial wire impact was the main rotor mast, 
probably due to the close proximity of main rotor blade control linkages. 
Eighty-four percent of the initial wire impacts with the main rotor mast 
resulted in an uncontrolled descent, with nine aircraft destroyed and seven 
damaged substantially. Mechanical wire cutters to protect the main rotor 
controls should receive design consideration. Also, future designs should 
include suitable shielding to protect main rotor control linkages. 
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TABLE 21 

PART OF HELICOPTER STRIKING WIRES AND DIRECTION OF MOVEMENT 
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TABLE 22 


CONTROLLED t'S UNCONTROLLED LANDING 
FOLLOWING WIRE STRIKE 


Uncontrolled Controlled 
Landing Landing 


Total 


Tall Rotor/Tail Boom 

Substantial Damage 
Destroyed 

Total 


Bubble/Canopy 

Substantial Damage 
Destroyed 

Total 


Skid/Spray Boom 

Substantial Damage 
Destroyed 

Total 


Main Rotor Mast 

Substantial Damage 
Destroyed 

Total 


Initial Impact Undetermined 

Substantial Damage 
Destroyed 

Total 


All Wire Strikes 


Substantial Damage 
Destroyed 


16 

28 

“2Pl 

65% 


12 

14 

~76 

68 % 


"TT 68 Accidents 
35% 


“T? 38 Accidents 

32% 



“TT 30 Accidents 





“g 28 Accidents 
21 % 



3 19 Accidents 

16 % 




7 25 Accidents 

28% 



Total 


208 Accidents 












Initial wire impact with the HkiUs or apray boom was the second most 
likely impact to cause an uncontrolled descent. In many cases, upon initial 
wire engagement with skids, the pilot would attempt to break the wires with 
sheer aircraft power. The wire would stretch to the limit, then break, caus- 
ing a sizable adverse Increase to an already taxed flight control situation. 

The resultant instantaneous change In flight control loads usually resulted 
in an uncontrolled dive into the ground. It may he a more prudent course 
to reduce to minimum airspeed, stop, and disengage the skids or spray boom 
by reversing. 

Tall rotor or tail boom impact was third most likely to cause an uncon- 
trolled descent, accounting for 14 (37%) aircraft destroyed and 12 (32%) sub- 
stantially damaged. In most cases, destruction of the tail rotor resulted 
in loss of directional control. 

The high probability of an uncontrolled descent after a wire strike points 
up the urgent requirement for wire strike avoidance training and the need for 
hardware to avoid wire strike or prevent damage to flight control linkages or 
components. 


RECOMMENDATIONS 


MoLIukIh lor avotiliuK wiro Htrlkos and for rotliu'itH', tliolr offooLo aro 
illHruaHOil bo low. Tboao (lu'huio waya lo iloLool wlros In ordor to avoid thorn 
and waya to noutiali/o tho of foot a of wiro oontaol If It doos ooour, f'or 
oaoli ol tho fli’Hl throo luothods disoiiHHod, Tablo 2 \ proaonta oatlmatoa of 
wholhof tlu’ mot hod would havo boon offootivo In tho 208 aoo ldonta atndtod. 

In oaoh oaao, tlu* of f oot Ivonoaa waa Judt^od withfn tho condttlona oxlstliiK 
at tho t Imo of tho aooidont. For oxampio. If during tow apood tako-off or 
landintt l« a oonflnod aroa, tho pilot oould aoo and dotormino tho dtslanoo 
to all tho wiroa, tho pilot warnlnf, dovloo waa Judgod aa not bolng offootivo 
In provonting tho aooidont. Also, idont I f ioat Ion of wiroa frv>m a dovloo or 
ohart would bo Jiidgod to bo nonoffootivo tmdor aimilar olroninatanooa, aa 
tho pi lot 'a viaual oapabi I It loa would bo far moro offootivo and rollablo 
I t*r wlfo avoidanoo. Wlro out t ora wota* .jiidgod aa bolng offootivo only In 
thoao oaaoa whon tho afroraft waa moving at tO knots or botlor and waa 
oatimatod to havo snfflolont klnotio onorgy to out tho wlro(a). An aniio- 
tatod bibliography porialntng lo olootronlo warning dovlooa, wlro onttora, 
and rotor ahlolda la proaonlod as Appondlx C. 


PILOT WARNING DEVICE 

A radar^ laaor, or other olootronlo dovloo oould provide an audio and/or 
visual Indloatlon of wiroa In tho flight path and thus provldo doloot Ion and 
warning boyond that provided by tho human oyo. Snob a dovloo would nood to 
h.ivo aufflolont aoloollvliy to aotivato only for wiroa that aro a hai’ard to 
1 light. In areas with many wires, as somot Imos oxporlonood by tho Agrloultnro 
pilot, tho wlro warning dovloo would bo uaoloaa it it aotiva'od on ovory wlro 
in oloao pri*xlmlly to tho airoraft. Tho aamo la t mo of many Fnblio Sorvloo 
missions. If stioh solootivlly wore possible In an olootronlo dovloo, tho 
dovloo ootild bo of groat value. The oatlmalos In Table 2.1 ot tho usofulnoss 
ot a wlro warning dovloo havo boon made on the promise that dovolopmont of 
stioh hardwari* la possible. 


TABLE 23 


RECOMMENDED PREVENTION DEVICES AND TECHNIQUE 



nu*Ht Impi’orts I vt* rofUMt'oh ami tU*voli>i'nu*«t lo»‘ a warning ilovioo haa hoon 
lmu> l»v ilu' I’.J'. Aimv (vvU l,‘>). WIilK' t lu> An«v mlaaton lor naji-o 1 -I In-oarth 
1 light li.m appl ii*at Ion to oivtl hoUroptor wire avoltlaiu'o, tlu« rlvM lioll- 
oopti'f woalhor t oquiroinontM art' not aa tlomaiullng; 91% of win* atrlkoa ooonrrotl 
iUn tag Uavllght vlanal flight rnlo IVI'R) loiullt Iona, whoii a daylight warning 
dovlro would havo boon adoquato. Tho sport rum of avallablo soiisors broadons 


if a daylight-only, good-viaibility-only device ia required. A passive elec- 
tronic sensor that uses daylight as an illuminating source would reduce weight 
and cost, thereby increasing the feasibility of such a device for acquisition 
by civil helicopter operators. 

IDENTIFYING WIRE LOCATION 

Methods of identifying wire location prior to or in flight could include 
visual or photographic aerial reconnaissance ana 'chnlques with maps or 
charts to survey areas for hazardous wires. All determinations in Table 23 
of the effectiveness of wire location Identification have been made on the 
premise that a procedural technique including suitable training and measure- 
ment of pilot performance is possible. 


WIRE CUTTERS 

Wire cutter effectiveness recommendations in Table 23 assume installation 
of wire cutters protecting the skids, canopy bubble, rotor mast and tail rotor 
against strikes in forward motion. Wire cutter effectiveness was determined 
from a combination of factors: speed of aircraft, direction of movement, 

size of wires, and degree of entanglement by tall rotor or main rotor blades. 
Some wire cutter effectiveness can be achieved at speeds as low as 10 knots, 
provided the angle of Impact of the cutter to the wire is 90®. However, given 
varying angles of impact and different types of wire, a forward motion of 30 
knots was the speed considered necessary for cutters to be effective. Wire 
cutters were judged to be not effective against very heavy steel long-span 
power wires. All determinations of wire cutter effectiveness have been made 
on the premise that, had such hardware been installed, it would have func- 
tioned reliably. There were no accidents reported Involving helicopters with 
wire cutters installed. The table shows that wire cutters would have been of 
particular benefit in Agriculture (recommended In 65% of cases studied, as 
compared to Air Transportation - 38%, and Public Service - 12%). 
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Tabic 24 proacncs cHtlmatca of the putentlal ef fectlvcueaa of wire 
cutters in the 23 accidents in which the pilot was a fatolity. Of these, 

19 hit power wires, 3 hit telephone wires and 1 hit a guy wire. In only 
eight accidents could the final cause factor be reasonably determined from 
primary or secondary wire impacts* In only one case could the cause factor 
be attributed to a secondary impact; this was with a tall boom after the 
main rotor had initially struck and broken other wires. Of the 23 fatal 
civil helicopter wire strikes investigated, it was determined that wire 
cutters could have been effective in 7 accidents, questionable in 5, and 
not effective In 11. If the first two categories are considered together, 

12 out of 23 (52%) of the fatal wire strike accidents might have been avoided 
with effective wire cutters. 

An example of a commercially available wire cutting device is the cutter/ 
deflector system designed by Bristol Aerospace Limited (BAG) under contract 
to the Cam dlan National Defense Headquarters (ref. 16). The BAG Wire Strike 
Protection System (WSPS) has an upper cutter to protect the main rotor con- 
trols, a lower cutter to protect the skid gear, and a windscreen center post 
deflector with a serrated cutting edge Insert to deflect wires to the upper 
cutter and to reinforce the center post structure. 

Limited U.S. Army tests at NASA Langley Research Center Impact Dynamics 
Facility, Hampton, Virginia, in October 1979 (ref. 4), demonstrated the ability 
of the WSPS to cut 3/8-inch seven-strand messenger cable with a tensile 
strength in excess of 10,000 pounds at an impact speed of 39 knots. The Army 
concluded the WSPS was highly effective in protecting the test helicopter 
(OH-58) against the results of wire strikes. The WSPS weighs 16.3 pounds, 
requires approximately 40 man-hours to install, and is commercially available 
for approximately $4,000. 

ROTOR PROTECTION 

The Army has studied two methods of protc<'ting the main rotors: pyro- 

technic cutters and wire-strike-tolerant main rotor tips. The pyrotechnic 
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TABLE 24 


ESTIMATE OF POTENTIAL FOR WIRE CUTTER USE 
23 FATAL ACCIDENTS 
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Main Rotor 
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25 

No 
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33 

No 

Main Rotor 

40 

No 

Tail Rotor* 

65 

No 
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20 

No 

Main Rotor 

40 

No 

Main Rotor* 

75 

No 

Canopy* 

25 

Yes 

Skid 

75 

Yes 

Bubble 

60 

Yes 

Bubbl e 

200 

Yes 

Bubble 

100 

Yes 

Main Rotor 

225 

Yes 

Main Rotor^ 

40 

No 

Main Rotor 



Main Rotor 


Yes 

Shaft 


Unknown 
Unknown 
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Unknown 


Unknown 


None 


None 
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Tall Rotor 
Main Rotor 
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Unknown 

Unknown 


Tail Boom 

Yes Main Rotor Tail Boom* I 
No Spray Boom* Main Rotor j 
Yes Skid* None 

Guy 


®P = Power T = Telephone G - * 

Yes recommeedetion Indlctes that the aircraft was traveling at 
minimum of 30 knots. 

*Final cause factor in crash 













cuttera conalat of eight-inch llnear-ahaped exploalve charges along the lead- 
ing edge of main rotor blades* Wlien a wire la hit| a protective cover 
over the explosive charge is blown away, and the wire is cut. The structural 
integrity of the blade is not destroyed during detonation; new charges can 
be Installed. While the leading edge explosive charge does appear effective 
in cutting wires, the Impracticality of r’vil operators' handling the explo- 
sives and replacing them on rotor blades does not make this an attractive 
option. 

Main rotor strike-tolerant blade tips crush with wire impact but remain 
with the rotor to avoid undesirable rotor imbalance. Crushable rotor tips 
could be replaced. While the crushable tip concept obviously has merit, 
field replacement of main rotor blade tips would have to be fast and econom- 
ical for consideration by the civil operator. 

A more attractive option to the commercial operator might be damage- 
resistant composite materials for main rotor construction. Its extremely 
high kinetic energy makes the main rotor blade itself a most effective wire 
cutter, provided that the blade can withstand wire impact. The use >of fiber- 
glass blade construction appears to be a promising way to increase wire strike 
tolerance (ref. 17). In the Agriculture missions studied, for example, 20% 
of initial Impacts were with the main rotor and 10%, the tail rotor. With 
fiberglass blade usage, these wire strikes might not have resulted in acci- 
dents. The corrosion-resistant qualities of fiberglass also make it well 
suited to the corrosive environment of agricultural aviation that accompanies 
chemical use. In addition, the 10% lighter weight of fiberglass blades would 
permit greater payloads. Increased payload might compensate for higher fiber- 
glass blade cost in agricultural aviation. 

TAIL ROTOR PROTECTION 

Shielding the tall rotor from wire strikes was determined by Army re- 
scaidiers to be a most promising area for increased wire strike tolerance. 

A practical, economical tall rotor shroud would enhance the wire strike tol- 
erance nf currently operating civil helicopters, and the fan-in-fin design 
is strongly suggested for future rotorcraft. 
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TRAINING 


Analysis of the wire strike accidents indicates the need for pi lot- urfre 
avoidance training to coraploraunt wire detection instruments and wirr ri.fMng 
devices* Successful helicopter operators* techniques and procedures might 
be used as the basis for industry-wide wire avoidance training. Such an effort 
could greatly reduce civil helicopter wire strikes. In all mission categories, 
pilots need to be aware of long span wire strike hazards when flying In stream 
beds and canyons with higher ridges on either side. Supporting poles are often 
hidden from a pilot's view; this hinders detection of wires. Cruise flight 
should always be above supporting poles and towers. 

For pilots in the Agriculture category, training is needed in making 
the proper ground and aerial reconnaissance of ground obstacles. Marking 
these obstacles on plot charts and confirming their presence from the air 
should be routine. Aerial reconnaissance methods for determining pole lines, 
height of wires, and selection of pull up and turnaround areas should be part 
of flight procedures training for AG pilots. 

In the Air Transportation, Public Service, and Miscellaneous categories, 
pilots are frequently required to land and take off from temporary or emergency 
landing sites. This is especially the case with Public Service helicopters 
responding to emergencies. Site conditions at temporary and emergency landing 
and take-off areas are seldom ideal, but criteria for selection and marking 
within reasonable safety margins are possible. Once practical site selection 
criteria are developed for temporary and emergency landing areas, they should 
be taught to ground personnel as well as pilots. Law enforcement, ambulance, 
forestry, construction personnel, etc., should know site selection and marking 
procedures . 


41 


HUhWN FACTORS STUDIES 


The findings of this study raise the question: why are pilots unable 

to see and avoid wires under optimum ceiling and visibility conditions? 

Do the human visual and motor coordination systems have the ability to 
detect wires accurately and to take action to avoid them? Although physio- 
logical measurements to determine why pilots are unable dependably to see 
and avoid wires in low level flight were beyond the scope of this report » 
this question is certainly worthy of further study. Suggested areas for 
human factors research are these: 

• Vibration effects on pilot vision. It is possible that 
helicopter vibration causes corresponding harmonic eyeball 
vibrations that could greatly reduce pilot visual acuity or 
cause blurred vision. If eye-critical helicopter vibration 
frequencies do exist and could be identified, future hell- 
copter designs could avoid them. 

• Relation of background visual clutter to wire detection. 

• Relation of helicopter speed to visual and motor response 
to changing cues. 

• Evaluation of helicopter blade diffusion of sunlight into 
the flicker phenomena. 

• Wire strike flight simulation. Develop a helicopter wire 
strike simulator flight scenario from accident data 

that would duplicate actual flight conditions to quantita- 
tively evaluate such human factors as pilot workload, cock- 
pit design, effects of fatigue, etc. Development of a 
realistic wire strike flight simulation would be Invaluable 
for development and assessment of future pilot wire warning 
device cockpit displays. 


FLIGHT PROCEDURES 


The following seven flight procedures are recommended for use by all 
helicopter pilots as a result of the findings of this report. In addition, 
formalized wire avoidance techniques for specific mtssions should be devel- 
oped* 

• Avoid flight In wire environment when not required 
by mission. Maintain altitude over 40 feet when- 
ever possible. 

• Fly over ridge heights. 

• Fly over poles, not In between. 

• Use extreme caution at unsurveyed sites. 

• On wire hazard aerial survey, account for power/ 
telephone poles and line runs prior to descending 
for landing. 

• Use extreme caution when following ground observer's 
directions for wire avoidance. 

• Never praett'e autorotations at other than 
surveyed sites. 


SUMMARY OF RECOMMENDATIONS 


The following are reconunended for an effective helicopter wire strike 
reduction program: 

1. Development of a wire detection/pilot warning device. 

2. Development and dissemination of wire identification 
procedures. 

3. Installation of mechanical wire cutters. 

4. Use of fiberglass rotors. 

5. Protection of the tail rotor by shroud or fan-in-fin 
design. 

6. Development and test of a training program for pilots 
and ground personnel. 

7. Conduct of human factors studies. 

8. Adoption of wire-avoiding flight procedures by all 
helicopter pilots. 

In considering hardware to increase helicopter tolerance to wire strikes, 
it is important to note that the study found no single area of the aircraft 
significantly more likely to incur an initial strike than any other area. The 
main rotors were struck initially about as many times as were the main rotor 
mast, canopy, and skids. This pattern implies that selection of only a single 
device is not advisable. Civil helicopters required to operate routinely in 
wire areas should incorporate mechanical wire cutters, a shielded tail rotor, 
and strike-tolerant rotor blades. 
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COSTS AND BENEFITS 


This section discusses the cost of developing and testing nc.wd.,J com" 
ponents and training for helicopter wire strike prevention. The benefits 
are weighed against the cost of 37 fatalities and $11,000,000 In damaged 
and lost aircraft In the ten-year period. 

PILOT WARNING DEVICE 

The development of this device would require $100,000 for a project 
c.eflnitlon study over six months to Identify sensors and displays. On rnm- 
pletlon, a $1,000,000 hardware development and testing program over 36 iu< <ths 
Is estimated. The study found that an effective pilot wire warning devlc*- 
could have prevented an estimated 76% of civil wire strike accidents In the 
ten-year study period and resulted in an estimated saving of 30 lives and 
$8,800,000. 

STRIKE-TOLERANT DESIGN 

Mechanical wire cutters are currently available. A commercial kit con- 
taining cutters for the top of the fuselage, windscreen, and areas below the 
fuselage for a Bell 206 helicopter can be purchased for $4,000. It is assumed 
that a similar kit for other helicopters would be available at comperable cost. 
Main and tail rotor blades manufactured with composite materials are in limited 
commercial use. They appear to hold promise for withstanding damage from 
wire strikes. A program to design wire cutters, deflectors, and structural 
reinforcement for a tail rotor shroud is estimated to cost $75,000 over 18 month i. 
If wire cutting devices, composite main and tall rotor blades, and tail rotor 
shroud had been installed, it is estimated that 49% of the accidents could have 
been prevented, with a saving of 18 lives and $5,390,000. 
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TRAINING 


Development of a civil helicopter wire avoidance training program 
requires the formulation of procedures including site selection and survey 
techniques for landing and take-off .it other than established heliports. 
Pilot training would include instruction on human incapability of reliably 
seeing and avoiding wires and the required flying techniques and procedures 
for safe flight near wire hazards. Training of ground support personnel in 
site selection, survey, marking, and air-ground radio and visual procedures 
is also necessary. 

A training program would require $250,000 to develop over an 18-month 
period. Had there been an effective training program for pilots, it is esti 
mated that 56% of the accidents would have been prevented with a saving of 
20 lives and $6,160,000. 
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APPENDIX A 


208 CIVIL AVIATION HELICOPTER WIRE STRIKE ACCIDENTS 
BY TYPE AND MISSION 

1970 - 1979 


APPENDIX A 


208 CIVIL AVIATION HELICOPTER WIRE STRIKE ACCIDENTS 
BY TYPE AND MISSION 

1970 - 1979 


The make and model of the aircraft and engines involved in the 208 wire 
strikes studied are shown below. Those data do not suppoi't any oonolueion 
oonooryxititj the aeoident vate of diffevont airomft^ sinoe noithev the tiumbev 
of aivoeafi of caoh type in sevoiec duviny the study peviod nov the number 
of hours flown by eaoh typt? is known. 


Type 


Civil Designation 


Bell 47D-1 Franklin 

476 Franklin 

476-2 Lycoming 

476-2A ’ Lycoming 

476-2A-1 Lycoming 

476-3 Franklin 

476-3D Lycoming 

476-3B-1 Lycoming 

476-3B-1 Lycoming 

476-3B-2 Lycoming 

476-3B-2A Lycoming 

476-4 Lycoming 

476-4A Lycoming 

476-5 LycoiTiing 

476-5A Lycoming 

’ Lycoming 

47J-2A Lycoming 

205A-1 Lycoming 


Mission 


PS MISC Total 


6V4-200-C32 

VO-335 

VO-435 

VO-435 

VO-435 

TVO-335 

TV0-25A 

TVO-435 

TV0-435-IJ1A 

TVO-435 

TV0-435-F1A 

VO-540 

V0-540-B1B-3 

VO-435 

V0-435-B1A 

VO-435 

VO-540 

T53-13A 












Helicopter Wire Strike Accidents by Type and Mission (cont.) 


Typ® Mission 


Civil Designation 

Engine 

AG 

AT 

PS 

MISC 

Total 

Bell 206A 

Allison 350-C18 


3 

1 


4 

206B 

Allison 250-C20 

2 

14 



16 

206B 

Allison 250-C208 


a 



1 

206L-1 

Allison C28 


o 



1 

Brantly-Hynes B-28 

Lycoming TV0-360-A1A 

1 

■ 



1 

Enstrom F28A 

Lycoming 0-360-ClA 





6 

280-C 

Lycoming 0-260-El AD 


1 



1 

Fairchild FH-1100 

Allison 250-C18 


1 

1 


2 

Hiller UH 12-A 

Franklin 6V-335 

1 




4 

UH 12-B 

Franklin 335-6D 

1 

1 



2 

UH 12-C 

Franklin 6V4-200-C33 

1 




1 

UH 12-D 

Lycoming 0-435-23C 

2 

1 



3 

UH 12-L4 

Lycoming TVlO-540 


1 



1 

12-E 

Lycoming VO-540 

8 

2 


1 

11 

12-E4 

Lycoming VO- 540 

1 



1 

1 

1 

12-E-J3 

Allison 250-C20 

2 

1 



3 

Hughes 269A 

Lycoming H10-360-B1A 

6 

5 

1 


12 

300 (269B) 

Lycoming H10-360-A1A 

6 

6 



12 

300 (269C) 

Lycoming H10-360-C1A 

7 

6 

5 


18 

500D (369D) 

Allison 250-C-20B 


2 


1 

1 

2 

SOOS (369HS) 

Allison 250-C-18A 


3 

1 


4 

6O0C/bO0MC 

(369HS/369HM) 

Allison 250-C-20 

1 



1 

2 

Sikorsky S-55A 

Wright R-1300 

1 

2 



3 

S-55B 

Wright Cyclone 898C9 HE -2 



1 


1 

S-55C 

P&W R-1340 

1 




1 

S-55T 

PAW ACL PT6T-3/6 




1 

1 

Kaiiian K 600 

P&W 1340 48A 

1 




1 


Total 

100 

in 


5 

208 


















APPENDIX B 

PRIMARY AND SECONDARY CAUSES OF ACCIDENTS 

Table B lists the primary and secondary causes of accidents as determined 
by the NTSB. The first cause listed in the NTSB print-out report was recorded 
as the primary cause. Other causes listed were recorded as secondary. The 
listing is in order of number of occurrences. 


t PRIMARY (P) AND SECONDARY (S) CAUSES 

OF ACCIDENTS* 



1 P/iniiro to See and Avoid Objects or Obstructions^ 

AG 
P S 

AT 

P"~S 

PS MISC 
P S 

Total 

* Failed to see and avoid objects or obstructions 

63 9 

59 6 

7 3 1 1 

30 IQ 

Precautionary lan^ng-suspecUd/ known damage 

1 High obstructions _ _ 

Inadequate Proc^ures 

1 Inadequate preflight preparation and/or planning 

I "Diverted attention from operation of aircraft 

- - 

^ .1 

1 

— 

. JL 

1 

6 1 

6 1 

2 1 

15 2 

4 1 

2 4 

1 T 1 

7 7 

Improper in-flight decision or planning 
1 Failed to maintain adequate main rotor RPM 

Y 

J 

3 2 
2 2 

1 1 
1 

.L-L 

4 2 

Tailed to follow approved procedures/directions 

1 Ooerated carelessly 


2 

1 

1 2 

r 1 



1 1 

Improper operation of flight controls 


1 1 



t Imorooer compensation for wind 


1 1 

■9BB 

SSI 

1 T-.-i — ' ■■ — ' 

Selected unsuitable terrain 


1 

■iB 

■Bl 

1 Unwarranted low flying 


5 

1 

6 

■ Improper Iv loaded aircraft 

2 

2 

1 

5 

m Mismanrtqpment of fuel 




2 

1 - - — ^ 

1 lni»H*‘quate supervision of flight 


1 


1 

nisrooard of oood operating practice 



1 

1 

i Poorly planned approach _ _ 

Errors in Judgment 

1 Misjudged clearance 

' Poor judgment 


1 


1 

11 2 

4 3 

r 

1112 

17 £_ 
^1 

• * — 

.... . 


1 


1 



1 Aircr‘a?t Failures 

Mech. malfunction-engine structure-blinder a£Sy-_ 

3 

2 

T 1 

3 

8 

1 3 

1 MafariAl failiir'e 


2 

' Transmission rotor drive system 

1 



1 

1 Tail rotor drive shaft assembly , _ 

1 


. ,. .. ■- - -■»- 

1_ 

1 Miscellaneous 

Error of ground signalman 

1 

...... 

. _ - 

1 

1 

3 

Z _L 

' 1 

1 Powerline static cable fell on aircraft 

Sunglare ... 

1 Pilot fatigue 

* Not dctomiined 

i 

■ - 

1 

> ■ 1 

f 

1 


^Incomplete data, tleven 1979 cases not received fro»n NTSB as of ;’6 August 1900. 
‘’nTSR causes have been grouped into five categories for the purpose of this study 
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APPENDIX C 


SYNOPSIS OF HELICOPTER 
RESEARCH AND DEVELOPMENT 


APPENDIX C 


The following le a brief aynopaia of heliooptcr reaearch mul develop- 
ment in hazard avoidance and aircraft eurvlvnhlllty In the low altitude flight 
regime. This limited anulyaia addroasea two of the proposed solutions to the 
civil helicopter wire avoidance problem: pilot's electronic warning devices 

and wire cutters and shields. 


Kleehammcr, R; Hunt, J,; Kleider, A. h'iiu' Obtit<UJhr Wiwnuii^ SiiStcm (WOWS): A 

hcal-tim^ AtvbovfU' Si'naof Autc>inath^ l\'ti\?tfon h'iwymti^vt of Wivo-biko 
Objoota^ U.S. Army Aviation R & 1) Activity, DAAB07-77-C-2167 , January 1967. 


This report describes a sensor designed by Fairchild Camera to provide real-time 
detection and recognition of 3nun wires at a range of 300 meters during nighttime 
helicopter flight operations. Wire or wire-like objects are electro-optlcally 
detected, then recognized by a pattern recognition technique within 50 msec of 
the first wire detection indication. 


Kleider, A. An Wxi'OVLmcntixl 
fov Wivo Obetiiolc IVtcotion. 
May 1975. 


Kihilu^ition of Uvo iLsht U'or? 

U.S. Army Klectronics Command ECOMTR 4-321, 


(o:: rr.) 


This report presents a detailed examination of the utilization of a Gated low 
level light TV. Results indicate that this technique is applicable to the 
problem of wire detection provided means can be found to implement automatic 
acquisition and pattern recognition within a realistic cost. 


Del Hoca, R.L. and Mongeon, R. J. "Heterodyning GO2 Laser Radar for Airborne 
Applications," paper reprinted from Conference Proceedings No. 258, NATO 
Advisory Group for Aerospace Research 6 neveli>pment . 

This paper discusses design considerations, hardware conf iguratlon, and test 
results oi livable breadboard models that have demonstrated the feasibility of 
employing GO^, scanning laser systems for wire detection, precision hover, Doppler 
navigation, and terrain following. 


55 


Burrows, L, T,; Brunken, J, E,; Gupta, B. P. Ueliaoptev Ohotaale Strike 
Toleranoe, Paper presented at 35th Annual National Forum of the American 
Helicopter Society. May 1979. 


This paper reports the results of Army R&D Contract DAAJ02-77-C-0049, con- 
ducted by Bell Helicopter for ATL, AVRADCOM. It defines the obstacle strike 
problem, suggests design concepts for Increasing helicopter surlvablllty, 
and proposes strike-tolerance design criteria that may be applied to future 
systems. 

Gupta, B. T. Helioopter ObataoZe Strike Tolerance Conoepta Analyaia, USARTL- 
TR-78-46. ATL AVRADCOM. April 1979. 

In this report, helicopter obstacle strike tolerance designs for rotors, fuse- 
lage, and controls are analyzed, and the most promising concepts are selected 
for both existing and future helicopter systems. 

Waters, K. T. Identification of High Payoff Applicator Helicoptera in Agri- 
culture and Forestry^ NASA NAS2-100A0. May 1979. 

This report Identifies R&D needs to mf*ke helicopters more productive and to 
reduce costs of aerial application In agriculture and forestry. The report 
also discusses existing designs that should be built into agriculture helicop- 
ters for safety, higher productivity, and reliability. 

Klelder, A. "Applications of the Charge Coupled Device Sensor for Nap-of-the- 
Earth Helicopter Operations," paper reprinted from Conference Proceedings No* 
230, NATO Advisory Group for Aerospace Research & Development* 

This report examines the use of a charge couple device (CCD) in the Wire 
Obstacle Warning System (WOWS) that conslstltutes a conceptual breakthrough 
In the wire detect-recognlze-;‘Vold (DRA) environment and holds promise of 
providing a solution to the wire strike problem. It has the desirable proper- 
ties of being lighter, smaller, cheaper, and reliable. In this system, video 
information Is logically processed to provide a symbolic display of the range 
and location of the wire obstacle relative to the aircraft heading. 
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APPENDIX D 


PUBLIC SERVICE 
Police Patrol 

3-0608 3/16/77 Nr. Honolulu. HI Hughes 269C 2 Fetal Destroyed - $66.000 

NTSB Accident Cause i 

Pilot Error: Failed to see and avoid obstructions 

Factors: Pilot fatigue - Pilot had flown 12 hours in last 24 

Black-gray painted wires masked against foliage. 

The Accident ; A high time aerial law enforcement pilot (10,149 hra) struck 
one strand of a 7 wire electrical high tension power line, about 225 feet above 
the ground. The pilot was engaged In a routine police patrol operation and had 
Just taken off from a power pumping station prior to wire engagement. Total 
time of the flight was one hour and 51 minutes. The pilot had knowledge of wire 
location In that he had flown over the wires on departure from the last landing 
site and had gone 500 yards beyond, when he reversed direction and flew back 
Into the wires. 

The weather was scattered clouds with 25 miles visibility. At the time 
of the accident, 1521, the sun was high and not considered a contributing factor. 

Upon initial impact with one wire at an estimated speed of 30 knots, the 
main rotor was sheared off and the aircraft crashed to the ground, fatally 
injuring both pilot and crewman. 

The Honolulu police attribute the power lines being painted black to 
"satisfy environmental group" as a cause factor. 

Conclusion ; The pilot's failure to see and avoid the wires caused the crash. 
Pilot fatigue is regarded as a contributing factor In the crash. 

Recommenda t ions ; A pilot warning device Identifying wire location would have 
been beneficial in wire avoidance. 

Forward speed of 30 knots could possibly have provided sufficient kinetic 
energy for effective use of wire cutters, had they been installed. However, 
main rotor engagement of the wires, rather than cockpit contact, makes use of 
external wire cutters quest ionahlc. 
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